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Several mutated L7/LI2 proteins with changed intcrdomain regions were obtained. The results howed that ile flexible region comprising the 39-52 
amino acid residues i functionally important. Its length, but not its amino acid composition, is crucial for the function. 
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1. INTRODUCTION 
The acidic L7/L!2 protein (120 amino acids) and its 
analog are found in ribosomes of all organisms and play 
an important role in protein biosynthesis [1,2]. The de- 
pletion of  L7/Ll2 from ribosomes inh~.bits protein syn- 
thesis and decreases elongation factor activity [3-7]. 
Two known mutations in the N-terminal part of  LT/LI 2 
influence the level of  misreading [8-10]. Structural stud- 
ies of  L7/LI2 have shown that it contains two domains. 
The N-terminal part is important for L7/LI2 dimeriza- 
tion and its binding to the ribosomes [7,12]. The C- 
terminal domain is globular [1, ! 3,14]. The interdomain 
region includes the amino acid residues from 38 to 52 
and is flexible [15--17], The conformational changes in 
the L7/LI2 depend on ribosomal function [18,19]. 
Earlier it was shown that ribosomes with a shortened 
interdomain region of L7/L I2 decrease the translation 
rate in vitro [9,20] and the protein with deleted interdo- 
main region is not active [20]. 
In the present communication we describe some 
properties of the LT/L12 with an artificial and increased 
in length interdomain region. 
2, MATERIALS AND METHODS 
The E. coli strain XLI [21] was used lbr expression of tile L7/LI2 
genes. All DNA manipulations and all cell growth were carried oat 
according to a published manual [22]. 
The kanamycin resistance Genebloek (Pharmacia, Sweden) with 
symmetrical polylinker sites of its 5'- and 3"-ends was used for mut- 
agenesis. In one case the block was ligated into the EcoRI site of the 
pPRI plasmid [20] and the new plasmid was designated aspPR2, In 
another case the polylinker Scdl site of the plasmid pPR28 [20] was 
destroyed by the filling-in procedure with Klenow DNA pol:cmerase 
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and the Oeneblock was again ligated into the EcoRI site, in this case 
creating the plasmid pPR36. 
Tile pPR2 plasmid was digested with BamHl or Pstl thus excising 
the Geneblock and, after lilgation, plasmid pPRII (with insert~ 
codolaS for six amino acids) or pPRI2 (with insertion of lburteen 
amino acids) were obtained, respectively. Similarly, the Geneblock 
fi'om plasmid pPR36 was excised with Sail or PstI and plasmids 
pPR37 and pPR38 were constructed. 
Tile cells were grown in LB broth, Induction with isopropylthioga- 
lactoside (IPTG, 0.004%) was done at As,~0 = 0.6-0.8 o.u. 
Th~ proteins were isolated by the successive use of ion.exchange 
chromatograplay on DE-Sepharose CL-6B (Pharma¢ia, Sweden) with 
a 0-0.25 M linear sodium chloride gradient, ultrafiltration on Ultrogel 
AcA44 (LKB), and by FPLC on a MonoQ-cohtmn (Pharmaeia, Swe- 
de,~) with a 0-0.25 M linear sodium chloride gradient in 40 mM 
Tris-i-lCI (pH 7.13) buffer according to the manufacturer's manual. 
Analytical ¢entrilk~gation was carried out according to the method 
of Yphanis [23]. Heat denatur~t.'..ion wasdone as described in [241. 
SDS-electrophoresis wa  carried out according to the published proce- 
dure [25] and cell-free translation as in [20]. 
Miscoding was checked at 30°C in 0.35 ml of 0.04 M Tris-HCl (pH 
7.6), 0,1 M NH.~CI, 0.01 M MgCI:, 0.001 M DTT buffer with 40 pmol 
of 30S and 50S subunits, 0.1 mg poly-U, 0.2 mg ofeell eatract, 5nmol 
tRNA, 0.9 nmol [~4C]Phe (9,100 dpm/pmol: Amersham, England), 0,9 
nmol ['~H]Leu (3,400 dpm/pmol; Amersham, England), 0.12 ~tmol 
GTP and 0.72 Ftmol ATP. 
3. RESULTS AND DISCUSSION 
After mutagenesis four mutated proteins were ob- 
tained (Fig. 1). L12-pPR 11 and L 12-pPR 12 are proteins 
with insertions of  six and fourteen addit ional amino 
acids, respectively. L12-pPR37 contains ten new amino 
acids and LI2-pPR38 has fourteen new residues (Fig, 
1) instead of  39-52 residues. 
All the proteins were synthesized in r ive in a high 
quantity (Fig. 2). Two of them, with the longest inser- 
tion and longest substitution (L12-pPR38) were purified 
r i r -~ .  _ kelp, O, lanes I0 and I '" 
The data on poly-Phe synthesis hows that replace- 
ment of the natural interdomain region by an arbitrary 
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Fig. 1. Amino acid s~qaence of the interdomain region (39-52) of the 
mutated and wild type L7/L 12 proteila~. The flexible region~ ofthe w.t. 
protein are in bold letters. 
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amino acid sequence of the equal length (Fig. 3, pPR38) 
virtually does not influence the protein activity, though 
the protein with deleted 38-52 residues [20] are not 
active (Fig. 3, pPR28). The protein with the two-fold 
increased length of interdomain region is much less ac- 
tive than the wild type protein (Fig. 3, pPR12). 
The experiments on miscoding show that the protein 
with the inserted fourteen residues (pPRI2, Table 1) has 
a lower level of miscoding. The partial deletion of  the 
flexible region of the LT/LI2 also affects the miscoding 
level [9,10,20]. 
Heat-denaturation experiments show that these pro- 
teins have a distinct melting temperature and enthalpy 
of denaturation. Their stability and cooperativity is dif- 
ferent, the effective nthalpy differs from the calorimet- 
ric and their ratios vary (Table II). 
It follows from the sedimentation measuremen*s that 
the proteins are dimers (Table I). Earlier data demon- 
strate that mutated proteins replace about 50% of the 
wild type proteins in the ribosomes during expression 
in vivo [20]. All these facts indicate that the main struc- 
tural features (the dimerization capacity and the C-ter- 
g 
Fi$. 2. SDS-eleetrophoresis of the cell extract and purified proteins in
15% gel. Expression of the L12 w.t. gene without induction (1) and 
after induction by IPTO (2); expression f LI2-pPRI 1 (3), LI 2-pPR12 
(4), LI2-pPR28 (5), LI2-pPK37 (6) and LI2-pPR38 (7); markers 
(Pharmacia) 14, 20, 30, 43, 67, and 94 kDa (8,9); purified proteins 
LI2-pPRI2 (10) and LI2-pPR38 ill). 
minai globule) are not disrupted. Thus, the fimetional 
properties of the mutated proteins can be connected 
with changes in the interdomain region. 
The deletion of  interdomain amino acids has a more 
pronounced effect than insertion. The replacement of  
these acids by an arbitrary sequence virtually does not 
Table I
Some properties ofmutated L7/LI2 proteins 
Protein Miscodin8 
[t~Clpoly-Phe ['al-Ilpoly.Leu 
synthesis synthesis 
(pmol in l0 rain, 30°C) 
['~CIPhe/[~H]Leu 
ratio 
M.wt., equilibrium 
sedimentmJon 
(kDa) 
w.t. 120 12.1 9.9 26.5 
LI2-pPRI2 70.2 5.9 11.9 28.0 
LI2.pPR38 104.8 1 i.5 9.1 27.3 
Table 11 
Heat-denaturation parameters or mutated L?tLI2 proteins 
Protein Temperature of 
denaturation (°C) 
Af-l~l AH dr 
(kcal/mol) 
AH=t,'AH=rr ratio Concentration 
(m~ml) 
I..7/L 12, w,t, 69.0 97.0 41 2.4 3.05 
LI2-pPR28* 68.3 87.0 46 1.9 2.72 
L 12-pPR 18 + 58.0 73.5 53 1.4 2.92 
L 12-pPR 12 64.0 80.5 43 1 .~ 2.80 
*The protein with deleted 38-52 residues [20]. 
*The protein with the 44-52 deletion [20]. 
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Fig, 3. Polyphenylalaninc synthesi~ with 50S subunits (20 pmol) after 
their reconstruction with the shown LT/LI2 proteins, 
affect the function of  the LT/LI2.  The partial deletion 
o f  amino acids adjacent o the globular part of L7 (A44- 
52) has a greater effect than the deletion of  the 38-46 
residues [20]. Considering all the above data, it can be 
assumed that the lene, th o f  the interdomain region of  the 
LT/L12 protein, but not the anaino acid sequence or 
composit ion,  has a crucial effect on r ibosomal function. 
Acknowledgements: We thank Dr. L. Tiktopulo for heat-denaturation 
experiments, 
.KEFERENCES 
[1] Liljas, A. (1982) Pl'O~,r, Biophys, Mol, Biol, 40, 161--228, 
[2] Liljaa, A,, Thirup. S. and Matheson, A.T. (1986) Chcmi, Seri, 
26B, 109-119. 
[3] Hamel, E,, Koka, M, .and Nakamoto, T, (1972) J, Biol. Chem, 
247, 805-814. 
[4] Brot, N,, Tare. W.P., Caskey, C.T, and Weissbach, H, (1974) 
Prec. Nath Aead, Scl. USA 71, 89-92. 
[5] Ki~ha. K,, Moiler, W, and Stoffler, G, (1971) Nature 233.62-63. 
[6] Lookwood, A,H,, Maitra, U,, Brot, N, and Weissbach, H, (1974) 
J. Biol. Chem, 249, 1213-1218, 
[7] Koteliansky, V.E., Domosatsky, S P. and Gudkov, A.T, (1978) 
Eur. J. Biochem. 90, 319-323. 
[8] Kirsebom, L,A. and lsaksson, L,A. (1985) Prec, Natl. Aead. Sci, 
USA 82, 717-721. 
[9] Kirsebom, L,A,, Amens, R, and lsaks,~on, L A. (1986) Ear. J. 
Bioehem. 156, 669-675, 
[10] Bil8in, N,, Kirsebom, L,A,, Ehrenberg, M. and Kurland, C.G, 
(1988) Biochimi¢ 70, 611-618. 
[111 Gudkov, A.T, and l~ehlke, J. (1978) Eur. J, Biochem, 90, 309- 
312, 
[I 2] Van A8thoven, A.J., Maassen, J.A,, Schrier, P.I. and Moiler, W. 
(1975) Biochem, Biophys. Rex. Commun. 64, 1184---1191. 
[13] Gudkov, A.T,, Rchlke, J., Vtiurin, N.N. and Lim, V.I, (1977) 
FEBS Lett, 82, 125-129. 
[14] Leiionmark, M. and Liljas, A, (1987) J. Mol, Biol. 195,555-580. 
[15] Gudkov, A,T., Gongadze, G,M., Bushuev, V,lq, and Okon, M.S, 
(1982) FEBS Left. 138, 229-232, 
[16] Cowgill, C.A., Nichols, R.G,, Kenny, J.W,, Butler, P., Bradbury, 
E.M. and Trout, R,R. (1984) J. Biol. Chem, 259, 15257-15263. 
[17] Bushuev, V,N., Gudkov. A.T., Liljas, A. and Sepetov, N,F, 
(1989) J. Biol, Chern. 264, 4405--4498. 
[18] Gongadze, G.M,, Gudkov, A.T,, Bushuev, V.N. and Sepetov, 
N,F. (1984) Dokl. Akad. Nauk SSSR 279, 230-232. 
[19] Gudkov, A,'r, and Bubunenko, M,G. (1989) Biochimie 71,779- 
785. 
[20] Gudkov, A.T., Babunenko, M,G, and Gryaznova, O,1. (1991) 
Biochimie 73, 1387-1389. 
[21] Bullock, W.O., Fernandez, J M, and Short, J,M. (1987) Bioteeh- 
niques 5, 376-379, 
[22] Satul~rook, J. Frit~¢h, E.F. and Maniatis, T. (1989) Molecular 
Clol~ing, Cold Spring Harbor Press, 
[23] Bowen, T,J. (1971) An Introduction to Ultracentrifugation, John 
Wiley. London, NY. 
[24] Privalov, P.L. and Potekhin, S,A, (1986) in: Methods o1" Enzy- 
lr~ology, vol, 131 (Hirs, C, and Timashefl; S, Eds,) pp. 4-51, AP, 
Orlando, San Diego, 
[25] Weber, K, and Osborn, M, (1975)in: The Protein~, vol, I (Nea- 
ratl't, H., Hill. R. and Beerier, C. Eds,) pp. 180-225, Academic 
Press, New York. 
[26] Gehrke, L. (1987) in: Translational Regulation o1" Gene Expres- 
sion (ll.'tn, J, ed.) pp, 367-378, Academic Press, New York, Lon- 
don, 
[27] Kubo, M, and lmanaka, T. (1989) J. Bacteriol, 171,4080-4082. 
[28] Wood, C,R,, Boss, M.A,, Patel, T.P, and Erata~e, J S, (1984), 
Nucleic Aeida I(es. 12, 3937-3950. 
[29] Von Hejne, G., Nilsson, L. and Blomberg, C. (1978) Eur. J. 
Biochem. 92, 397-402. 
234 
